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Event-by-event multiplicity ﬂuctuations in nucleus-nucleus collisions are studied within the HSD
and UrQMD transport models. The scaled variances of negative, positive, and all charged hadrons
in Pb+Pb at 158 AGeV are analyzed in comparison to the data from the NA49 Collaboration. We
ﬁnd a dominant role of the ﬂuctuations in the nucleon participant number for the ﬁnal hadron
multiplicity ﬂuctuations. This fact can be used to check diﬀerent scenarios of nucleus-nucleus
collisions by measuring the ﬁnal multiplicity ﬂuctuations as a function of collision centrality. The
analysis reveals surprising eﬀects in the recent NA49 data which indicate a rather strong mixing of
the projectile and target hadron production sources even in peripheral collisions.
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I. INTRODUCTION
The aim of the present paper is to study particle number ﬂuctuations in high energy nucleus-nucleus (A+A)
collisions within the HSD [1] and UrQMD [2] transport approaches. The analysis of ﬂuctuations is an important tool
to study a physical system created in high energy nuclear collisions. Recently, preliminary NA49 data on particle
number ﬂuctuations in Pb+Pb collisions at 158 A GeV for diﬀerent centralities have been presented [3] which are
in surprising disagreement with the results of both microscopic transport models that have been shown to reproduce
both the diﬀerent particle multiplicities and longitudinal diﬀerential rapidity distributions for central collisions of
Au+Au (or Pb+Pb) collisions from AGS to SPS energies rather well [4].
The ﬂuctuations in high energy particle and nuclear collisions (see, e.g., Refs. [5, 6, 7, 8, 9, 10, 11, 12, 13, 14]
and references therein) are studied on an event-by-event basis: a given observable is measured in each event and the
ﬂuctuations are evaluated for a specially selected set of these events. The statistical model has been successfully used
to describe the data on hadron multiplicities in relativistic A+A collisions (see, e.g., Ref. [15] and a recent review [16])
as well as in elementary particle collisions [17]. This gives rise to the question whether the ﬂuctuations, in particular
the multiplicity ﬂuctuations, do also follow the statistical hadron-resonance gas results. The statistical ﬂuctuations
can be closely related to phase transitions in QCD matter, with speciﬁc signatures for 1-st and 2-nd order phase
transitions as well as for the critical point [8, 9].
In addition to the statistical ﬂuctuations, the complicated dynamics of A+A collisions generates dynamical ﬂuctua-
tions. The ﬂuctuations in the initial energy deposited inelastically in the statistical system yield dynamical ﬂuctuations
of all macroscopic parameters, like the total entropy or strangeness content. The observable consequences of the initial
energy density ﬂuctuations are sensitive to the equation of state of the matter, and can therefore be useful as signals
for phase transitions [14]. Even when the data are obtained with a centrality trigger, the number of nucleons partici-
pating in inelastic collisions still ﬂuctuates considerably. In the language of statistical mechanics, these ﬂuctuations
in participant nucleon number correspond to volume ﬂuctuations. Secondary particle multiplicities scale linearly with
the volume, hence, volume ﬂuctuations translate directly to particle number ﬂuctuations.
In the present paper we study the particle number ﬂuctuations in Pb+Pb collisions at 158 AGeV within both the
HSD and UrQMD transport models. We check the robustness of the two approaches and derive physical consequences
from the results of the HSD and UrQMD simulations. Then we formulate a general picture of particle number
ﬂuctuations in diﬀerent scenarios for A+A collision processes. The paper is organized as follows. Section II presents
the HSD and UrQMD results in comparison with NA49 data. Section III studies the role of the ﬂuctuations of the
number of participant nucleons for the ﬂuctuations of the ﬁnal hadron multiplicities. HSD and UrQMD calculations
are employed to clear up this point on a microscopic level. Section IV discusses a recently proposed method [18],
which allows to test experimentally diﬀerent model scenarios of A+A collisions. A comparison of the model results
to recent NA49 data shows a necessity of strong mixing of the projectile and target hadron production sources not
only for central but also for more peripheral collisions. This strong mixing is underestimated in the hadron/string
dynamical approaches. Section V ﬁnally presents our summary and conclusions.2
II. HSD AND URQMD RESULTS IN COMPARISON TO THE NA49 DATA
In each A+A event only a fraction of all 2A nucleons (the participant nucleons) interact. We denote the number of
participant nucleons from the projectile and target nuclei as N
proj
P and N
targ
P , respectively. Those nucleons which do
not interact are called spectator nucleons. Their numbers are related to the participant numbers as N
proj
S = A−N
proj
P
and N
targ
S = A−N
targ
P . The trivial geometrical ﬂuctuations due to impact parameter variations usually dominate in
high energy A+A collisions and mask the ﬂuctuations of interest. One cannot ﬁx the impact parameter experimentally,
but even for a ﬁxed impact parameter the number of participants must ﬂuctuate from event to event. Moreover, the
numbers of the projectile and the target participants diﬀer in a given event. This is caused by ﬂuctuations in the
initial states of the colliding nuclei and the probabilistic character of the various hadron-hadron collision processes.
The NA49 Collaboration has tried to minimize the event by event ﬂuctuations of the number of nucleon participants
in measuring the multiplicity ﬂuctuations. Samples of collisions with a ﬁxed number of projectile spectators, N
proj
S =
const, and thus a ﬁxed number of projectile participants, N
proj
P = A−N
proj
S , were selected. This selection is possible
in ﬁxed target experiments, where N
proj
S is measured by a Zero Degree Veto Calorimeter, which covers the projectile
fragmentation domain.
From an output of the HSD and UrQMD minimum bias simulations we form the samples of Pb+Pb events with
ﬁxed values of N
proj
P . In Fig. 1 we present the HSD and UrQMD results and compare them with the NA49 data for
the scaled variances of negatively, positively, and all charged particles in Pb+Pb collisions at 158 AGeV. The average
values (we will use the double brackets to denote the averaging in the model simulations),
  Ni  , (i = +,−,ch)
and variances
V ar(Ni) ≡   N2
i    −   Ni  2
are calculated for the samples of collision events with ﬁxed values of the projectile participants, N
proj
P , and scaled
variances are by deﬁnition,
ωi ≡ V ar(Ni)/  Ni   .
Note that ω = 1 for the Poisson multiplicity distribution, P(N) = exp(−N)N
N
/N! .
The ﬁnal particles in the HSD and UrQMD simulations are accepted at rapidities 1.1 < y < 2.6 (we use particle
rapidities in the Pb+Pb c.m.s. frame) in accord to the NA49 transverse momentum ﬁlter [3]. This is done to compare
the HSD and UrQMD results with the NA49 data. The HSD and UrQMD simulations both show ﬂat ωi values,
ω− ≈ ω+ ≈ 1.2, ωch ≈ 1.5, and exhibit almost no dependence on N
proj
P . The NA49 data, in contrast, exhibit an
enhancement in ωi for N
proj
P ≈ 50. The data show maximum values, ω− ≈ ω+ ≈ 2 and ωch ≈ 3, and a rather strong
dependence on N
proj
P .
Fig. 1 also shows results of the HSD and UrQMD simulations for the full 4π acceptance for ﬁnal particles, and
shows the NA49-like acceptance in the mirror rapidity interval, −2.6 < y < −1.1 of the target hemisphere. HSD and
UrQMD both result in large values of ωi, i.e. large ﬂuctuations in the backward hemisphere: in the backward rapidity
interval −2.6 < y < −1.1 (target hemisphere) the ﬂuctuations are much larger than those calculated in the forward
rapidity interval 1.1 < y < 2.6 (projectile hemisphere, where the NA49 measurements have been done). Even larger
ﬂuctuations follow from the HSD and UrQMD simulations for the full acceptance of ﬁnal particles.
III. EVENT-BY-EVENT FLUCTUATIONS OF HADRON MULTIPLICITIES
The HSD and UrQMD results raise two main questions:
• What is the origin of strong ﬂuctuations (ωi is much larger than 1) within the HSD and UrQMD simulations
both in the full acceptance and in the target hemisphere?
• Why are no large ﬂuctuations observed in the HSD and UrQMD simulations of the NA49 acceptance, i.e. within
the projectile hemisphere?
It appears that even with the rigid centrality trigger, N
proj
P = const, the number of nucleon participants still ﬂuctu-
ates considerably. In each sample the number of target participants ﬂuctuates around its mean value,  N
targ
P   ≈ N
proj
P ,3
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FIG. 1: The results of the HSD (left) and UrQMD (right) simulations are shown for ω−, ω+, and ωch in Pb+Pb collisions at
158 AGeV as functions of N
proj
P . The black points are the NA49 data. The diﬀerent lines correspond to the model simulations
with the original NA49 acceptance, 1.1 < y < 2.6, in the projectile hemisphere (lower lines), the NA49-like acceptance in the
mirror rapidity interval, −2.6 < y < −1.1, in the target hemisphere (middle lines), and full 4π acceptance (upper lines).
with the variance V (N
targ
P ) ≡  (N
targ
P )2  −  N
targ
P  2. The crucial point is that by this event selection one introduces
an asymmetry between projectile and target participants. The number of projectile participants is constant by con-4
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FIG. 2: HSD and UrQMD simulations show similar scaled variances ω
targ
P (3) as a function of N
proj
P .
struction, whereas the number of target participants ﬂuctuates. What will be the consequences of this asymmetry in
the ﬁnal observables? As we will see later the answer depends on dynamics or properties of the model, respectively.
At ﬁxed values of N
proj
P and N
targ
P one can introduce the average (i = −,+,ch; k = 1,2,   ):
Nk
i ≡
X
Ni≥0
Nk
i P(Ni | N
targ
P ,N
proj
P ) , (1)
where P(Ni | N
targ
P ,N
proj
P ) is the probability for producing Ni ﬁnal hadrons at ﬁxed N
targ
P and N
proj
P . In fact, only
N
proj
P is ﬁxed experimentally – hence, also in the HSD and UrQMD simulations presented in Fig. 1. The value of
N
targ
P ﬂuctuates, and we denote the average over the target participants as
      ≡
A X
N
targ
P ≥1
    W(N
targ
P | N
proj
P ) , (2)
where W(N
targ
P | N
proj
P ) is the probability for a given value of N
targ
P in a sample of events with ﬁxed number of the
projectile participants, N
proj
P . The scaled variances, ω
targ
P , deﬁned as
ω
targ
P ≡
 
￿
N
targ
P
￿2
  −  N
targ
P  2
 N
targ
P  
, (3)
give a quantitative measure of the N
targ
P ﬂuctuations.
Fig. 2 presents the scaled variances ω
targ
P calculated within the HSD and UrQMD models as functions of N
proj
P .
The ﬂuctuations of N
targ
P are quite strong; the largest value of ω
targ
P = 3 − 3.5 occurs at N
proj
P = 20 − 30.
The total averaging procedure,        , performed at ﬁxed number of projectile participants, N
proj
P , includes both
the averaging (1) and (2), and can be therefore presented as
  Nk
i    ≡  Nk
i   , (4)
so that the total variance is:
V ar(Ni) ≡   N2
i    −   Ni  2 =  N2
i   −  Ni 2 ≡  N2
i   −  Ni
2
  +  Ni
2
  −  Ni 2
=  N2
i − Ni
2
  +  Ni
2
  −  Ni 2 = ω∗
i  Ni  + ωP ni  Ni  , (5)5
where
ω
∗
i ≡
N2
i − Ni
2
Ni
, ωP ≡
 N2
P  −  NP 2
 NP 
, ni ≡
 Ni 
 NP 
, (6)
and NP = N
targ
P + N
proj
P , is the total number of participants. At the last step in Eq. (5) two assumptions have been
made. First, it is assumed that ω∗
i does not depend on NP and can be thus taken out from the averaging,      , in
Eq. (2). The second assumption is that the average multiplicities Ni are proportional to the number of participating
nucleons, i.e. Ni = NPni, where ni (deﬁned in Eq. (6)) is the average number of particles of i-th type per participant.
Finally, the scaled variances, ωi , can be presented as:
ωi ≡
V ar(Ni)
 Ni 
= ω∗
i + ωP ni . (7)
The total number of participants ﬂuctuates due to the ﬂuctuations of N
targ
P (the values of N
proj
P are ﬁxed experimen-
tally, as well as in the HSD and UrQMD simulations). One calculates the average values,  N
targ
P   ≃ N
proj
P , and scaled
variances, ω
targ
P , for the target participants in both the HSD and UrQMD models (see Fig. 2). The scaled variance
ωP (6) for the total number of participants is easily found, ωP = ω
targ
P /2, as only a half of the total number, NP, of
participants, i.e., N
targ
P , does ﬂuctuate.
Putting everything together we get:
ωi = ω∗
i +
1
2
ω
targ
P ni . (8)
The value of ω
targ
P depends on N
proj
P , as shown by the HSD and UrQMD results in Fig. 2. The values of ni calculated
within the HSD and UrQMD simulations are presented in Fig. 3.
The Eq. (7) coincides with the result of the so called ’participant model’ (see e.g., [11]), i.e. a model which treats
the A+A collision as a superposition of independent nucleon-nucleon (N+N) interactions. The same result (7) can
be obtained within a more general framework. One assumes that a part of the initial projectile and target energy
is converted into hadron sources. The numbers of projectile and target related sources are taken to be proportional
to the number of projectile and target participant nucleons, respectively. This results in Eq. (7). The physical
meaning of the diﬀerent sources depends on the model under consideration (e.g., wounded nucleons [19], strings and
resonances [1, 2], or the ﬂuid cells at chemical freeze-out, in the hydrodynamical models). The Eq. (7) presents the
ﬁnal multiplicity ﬂuctuations as a sum of two terms: the ﬂuctuations from one source, ω∗
i , and the contribution due
to the ﬂuctuations of the number of sources, ωPni.
In peripheral A+A collisions there are only few N+N collisions, and rescatterings are rare, so that the picture of
independent N+N collisions looks reasonable. In this case, a hadron production source can be associated with a N+N
collision and, therefore, the ﬂuctuations from one source read:
ω∗
i = ωNN
i =
αpp ω
pp
i Ni
pp
+ αpn ω
pn
i Ni
pn
+ αnn ωnn
i Ni
nn
αpp Ni
pp
+ αpn Ni
pn
+ αnn Ni
nn , (9)
where
αpp = Z2/A2 = 0.155 , αpn = 2Z(A − Z)/A2 = 0.478 , αnn = (A − Z)2/A2 = 0.367 (10)
are the probabilities of proton-proton, proton-neutron, and neutron-neutron collisions in Pb+Pb reactions (A=208,
Z=82). The average multiplicities and scaled variances for elementary collisions calculated within the HSD simulations
at 158 GeV are equal to:
Nch
pp
= 6.2 , Nch
pn
= 5.8 , Nch
nn
= 5.4 , (11)
ω
pp
ch = 2.1 , ω
pn
ch = 2.4 , ωnn
ch = 2.9 . (12)
For negatively and positively charged hadrons, the average multiplicities and scaled variances in elementary reactions
can be presented in terms of corresponding quantities for all charged particles: N± = 0.5(Nch ± γ) and ω± =
0.5ωchNch/(Nch ∓ γ), with γ = 2,1,0 for pp, pn and nn reactions, respectively. This yields:
N−
pp
= 2.1 , N−
pn
= 2.4 , N−
nn
= 2.7 , N+
pp
= 4.1 , N+
pn
= 3.4 , N+
nn
= 2.7 , (13)
ω
pp
− = 1.55 , ω
pn
− = 1.5. , ωnn
− = 1.45 , ω
pp
+ = 0.8 , ω
pn
+ = 1.0. , ωnn
+ = 1.45 . (14)6
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− multiplicity per nucleon [21], π ≡ (π
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+)/2.
From these equations one ﬁnds the HSD results for ω∗
i per N+N collision at 158 GeV:
ω
∗
ch = 2.5 , ω
∗
− = 1.5 , ω
∗
+ = 1.1 . (15)
The above arguments of the ’participant model’ are not applicable for central A+A collisions, where a large degree
of thermalization is expected. In the limit of N
proj
P = A one can take the values of ω∗
i from the Pb+Pb data or model
simulations. In this limit, ωP = ω
targ
P /2 ≈ 0 (see Fig. 2), and thus ωi ≈ ω∗
i . We have found that Eq. (15) gives a
reasonable description of ωi in the HSD simulations for central Pb+Pb collisions, too. Therefore, we will use Eqs. (8)
and (15) for all values of N
proj
P . A comparison of Eq. (8) with the HSD simulations (accepting all ﬁnal particles) is
presented in Fig. 4.
The values of ω
targ
P and ni are calculated within the HSD model (see Figs. 2 and 3), and for ω∗
i we use Eq. (15). As
seen from Fig. 4, there is a qualitative agreement between Eq. (8) and the HSD simulations. The ﬂuctuations of the
total hadron multiplicities - generated by the HSD dynamics - are large (the ωi are essentially larger than 1). The
main contributions to ωi come from the second terms in Eq. (8), which are due to the ﬂuctuations of N
targ
P . These
ﬂuctuations of the target nucleon participants presented in Fig. 2 explain both, the large values of ωi and their strong
dependence on N
proj
P . Therefore, Eq. (8) takes into account two main ingredients of the multiplicity ﬂuctuations
in Pb+Pb collision: a ﬂuctuation of the particle number created in a single N+N collision and a ﬂuctuation in the
number of nucleon participants. Fig. 4 shows that the HSD dynamics produces even larger values of ωi than those
calculated from Eq. (8). A very similar picture occurs for the UrQMD model.7
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FIG. 4: The boxes are the results of the HSD simulations for ωi in full 4π acceptance as functions of N
proj
P . The solid lines
correspond to Eq. (8) with ω
∗
i taken from Eq. (15).
Figure 5 supports the previous ﬁndings. HSD events with ﬁxed target participant number, N
targ
P = N
proj
P , exhibit
much smaller multiplicity ﬂuctuations. This is due to the fact that terms proportional to ω
targ
P in Eq. (8) do not
contribute, and ωi become approximately equal to ω∗
i.
IV. FLUCTUATIONS IN THE PROJECTILE AND TARGET HEMISPHERES
Let us consider now the ﬂuctuations of the particle multiplicities in the projectile (y > 0) and target (y < 0)
hemispheres. As one can see from Fig. 2, in samples with N
proj
P = const the number of target participants, N
targ
P ,
ﬂuctuates considerably. Of course, this event selection procedure introduces an asymmetry between projectile and
target participants: N
proj
P is constant, whereas N
targ
P ﬂuctuates. Then both simulations, HSD and UrQMD, give very
diﬀerent results for the particle number ﬂuctuations in the projectile and target hemispheres. The particle number
ﬂuctuations in the target hemispheres are much stronger (see Fig. 6) than those in the projectile hemispheres. There
is also a strong N
proj
P -dependence of ωi in the target hemisphere, which is almost absent for the ωi in the projectile
hemisphere. This is due to the asymmetry between projectile and target participants. The target participants,N
targ
P ,
play a quite small role for the particle production in the projectile hemisphere. Thus, the ﬂuctuations of N
targ
P have
a small inﬂuence on the ﬁnal multiplicity ﬂuctuations in the projectile hemisphere, but they contribute very strongly
to those in the target hemisphere.
Diﬀerent models of hadron production in relativistic A+A collisions can be divided into three limiting groups:
transparency, mixing, and reﬂection models (see Ref. [18]). The ﬁrst group assumes that the ﬁnal longitudinal ﬂows
of the hadron production sources related to projectile and target participants follow in the directions of the projectile8
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simulations.
and target, respectively. We call this group of models transparency (T-)models. If the projectile and target ﬂows of
hadron production sources are mixed, we call these models the mixing (M-)models. Finally, one may even speculate9
FIG. 7: The rapidity distributions of the particle production sources in nucleus-nucleus collisions resulting from transparent,
mixing, and reﬂection models (see Ref. [18] and text for details).
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FIG. 8: The ratio of charged multiplicity within the NA49 acceptance to that in the whole projectile hemisphere. Similar
results are obtained for negative and positive hadron multiplicities.
that the initial ﬂows are reﬂected in the collision process. The projectile related matter then ﬂows in the direction
of the target and the target related matter ﬂows in the direction of the projectile. This class of models we call the
reﬂection (R-)models. The rapidity distributions resulting from the T-, M-, and R-models are sketched in Fig. 7 taken
from Ref. [18].
An asymmetry between the projectile and target participants introduced by the experimental selection procedure
can be used to distinguish between projectile related and target related ﬁnal state ﬂows of hadron production sources
as suggested in Ref. [18]. One expects large ﬂuctuations of hadron multiplicities in the domain of the target related
ﬂow and small ﬂuctuations in the domain of the projectile related ﬂow. When both ﬂows are mixed, intermediate
ﬂuctuations are predicted. The diﬀerent scenarios are presented in Fig. 7. The multiplicity ﬂuctuations measured in
the projectile momentum hemisphere clearly are larger than those measured in the target hemisphere in T-models.
The opposite relation is predicted for R-models, whereas for M-models the ﬂuctuations in the projectile and target
hemispheres are expected to be the same.
In real experiments only a fraction of all ﬁnal state particles is accepted. In the case of weak correlations between
particles, the scaled variances in the limited acceptance can be calculated ( [11, 20]) as ωacc
i = 1 − qi + qi   ωi. Here
the qi are the probabilities that particles of type ”i” are accepted. The qi values can be calculated as the ratio of
the average multiplicity of the i-th hadrons within the given experimental acceptance inside the projectile (target)10
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FIG. 9: The HSD simulations in the NA49 acceptance in the projectile, 1.1 < y < 2.6, and target, −2.6 < y < −1.1,
hemispheres. The solid lines correspond to Eqs. (19,20), which assume transparency of the longitudinal ﬂows of the hadron
production sources.
hemisphere to the average multiplicity in the whole projectile (target) hemisphere. The HSD values of q
p
i ≈ 0.36 are
presented as functions of N
proj
P in Fig. 8 in the NA49 acceptance (in the projectile hemisphere).
Under the above assumptions, the scaled variances of the multiplicity distributions in the projectile hemisphere,
ω
proj
i , and target hemisphere, ω
targ
i , in the T-, M- and R-models read [18]:
ω
proj
i (T) = 1 − q
p
i + q
p
i   ω
∗
i , ω
targ
i (T) = 1 − q
t
i + q
t
i  
￿
ω
∗
i + ω
targ
P ni
￿
, (16)
ω
proj
i (M) = ω
targ
i (M) = 1 − q
p,t
i + q
p,t
i  
￿
ω∗
i + 0.5 ω
targ
P ni
￿
, (17)
ω
proj
i (R) = 1 − q
p
i + q
p
i  
￿
ω∗
i + ω
targ
P ni
￿
, ωtarg
n (R) = 1 − qt
i + qt
i   ω∗
i . (18)
Here q
p
i and qt
i are the acceptances in the projectile and target hemispheres, respectively.
Results presented in Fig. 6 suggest that HSD and UrQMD are closer to T-models. Using Eq. (16) the HSD
simulations yield within the NA49 acceptance, and within the analogous acceptance in the mirror target rapidity
interval,
ω
proj
− (T) = 1.18 , ω
proj
+ (T) = 1.04 , ω
proj
ch (T) = 1.54 , (19)
ω
targ
− (T) = 1.18 + 0.36   ω
targ
P   n−, ω
targ
+ (T) = 1.04 + 0.36   ω
targ
P   n+ ,
ω
targ
ch (T) = 1.54 + 0.36   ω
targ
P   nch . (20)
Here, the values of q
p
i = qt
i ≈ 0.36 are taken from the HSD calculations (Fig. 8), and the ω∗
i from Eq. (15) are
used. The results of Eqs. (19,20) agree well with the HSD simulations (Fig. 9) for large projectile participant number11
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FIG. 10: The solid lines correspond to Eq. (21) with ω
∗
i (15), ω
targ
P , and ni taken from the HSD simulations; the points are the
NA49 data.
and retain the general trend also for more peripheral collisions. Similar results are obtained within the UrQMD
simulations. Hence, both the HSD and UrQMD approach are closer to T-models of hadron production sources.
Using Eq. (17) one can estimate ωi for the NA49 acceptance in M-models. It follows:
ω
proj
i (M) = ω
targ
i (M) = 0.64 + 0.36  
￿
ω
∗
i + 0.5 ω
targ
P ni
￿
. (21)
In Fig. 10 the results of Eq. (21) (with ω∗
i (15), ω
targ
P , and ni taken from the HSD simulations) are compared with
the NA49 data. Eq. (21) for the M-model gives a much better agreement with the NA49 data than Eq. (19) for the
T-model. The NA49 data suggest therefore a large degree of mixing in the longitudinal ﬂow of the projectile- and
target hadron production sources, in agreement with suggestions formulated in Ref. [18].
Fig. 11 shows the particle number ﬂuctuations (ω−,ω+ and ωch) in the HSD and UrQMD simulations, given in
diﬀerent rapidity intervals of the projectile (y > 0) and target (y < 0) hemispheres. The same information is presented
in Fig. 12, where ω−,ω+, and ωch are displayed explicitly as functions of rapidity for diﬀerent Nproj
p values. It is
clearly seen that the bias on a ﬁxed number of projectile participants reduces strongly the particle ﬂuctuations in
the forward hemisphere, in particular within the NA49 acceptance (1.1 < y < 2.6). The ﬂuctuations of the target
participant numbers inﬂuence strongly the hadron production sources in the target hemispheres. They also contribute
to the projectile hemisphere, but this contribution is only important in the rapidity interval 0 < y < 1, i.e. close
to midrapidity. It turns out that this ”correlation length” in rapidity, ∆y ≈ 1, as seen in Figs. 11 and 12, is not
large enough to reproduce the data. The large values of ωi and their strong N
proj
P -dependence in the NA49 data (cf.
Fig. 1) in the projectile rapidity interval, 1.1 < y < 2.6, thus demonstrate a signiﬁcantly larger amount of mixing in
peripheral reactions than generated in simple hadron/string transport approaches.12
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FIG. 11: Particle number ﬂuctuations (ω−,ω+, and ωch) in the HSD (left) and UrQMD simulations (right) in diﬀerent rapidity
intervals in the projectile (y > 0) and target hemispheres (y < 0).
V. SUMMARY AND CONCLUSIONS
The event-by-event multiplicity ﬂuctuations in Pb+Pb collisions at 158 AGeV have been studied within the HSD
and UrQMD transport models. The scaled variances of negative, positive, and all charged hadrons are analyzed in
minimum bias simulations for samples of events with ﬁxed numbers of the projectile participants, N
proj
P . This strong
centrality trigger corresponds to the trigger of the NA49 Collaboration.
The samples with N
proj
P = 20 − 60 show the large ﬂuctuations of the number of target nucleons, N
targ
P , which
participate in inelastic collisions, ω
targ
P ≥ 2. The ﬁnal hadron multiplicity ﬂuctuations exhibit analogous behavior,
which explains the large values of the HSD and UrQMD scaled variances ωi in the target hemispheres and in the full
4π acceptance. On the other hand, the asymmetry between the projectile and target participants – introduced in the
data samples by the trigger condition of ﬁxed N
targ
P – can be used to explore diﬀerent dynamics of nucleus-nucleus
collisions by measuring the ﬁnal multiplicity ﬂuctuations as a function of rapidity (cf. Fig. 12). This analysis reveals
that the recent NA49 data indicate a rather strong mixing of the longitudinal ﬂows of the projectile and target hadron
production sources. This is so not only for central collisions – in line with the HSD and UrQMD approaches [4] –13
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rapidity y for diﬀerent number of projectile participants N
part
p .
but also for rather peripheral reactions. This sheds new light on the nucleus-nucleus reaction dynamics at top SPS
energies for peripheral and mid-peripheral Pb+Pb collisions. It demonstrates a signiﬁcantly larger amount of mixing
than is generated in simple hadron/string transport approaches.
The ﬂuctuation analysis presented in this study can be performed in the same fashion also for higher collision
energies and a related analysis in comparison to preliminary RHIC data [22] will be presented in a forthcoming study.
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